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I lymphocyte subset-specific cDNA clones were recently isolated by a modified differential 
screening procedure. The expression patterns of two of these cDNAs, designated as 4- IBB and 
L2G25B, were studied in greater detail. Nucleotide sequence comparison revealed that 4-1BB 
was not previously recognized. Although the L2G25B sequence had been recognized recently, 
the function of the encoded molecule has yet to be well studied. The transcripts of the two 
cDNAs were inducible by concanavalin A in mouse spleen cells, cloned helper T cells (L2), 
cloned cytolytic T cells (1.3). and cytolytic T cell hybridomas. They were also inducible with 
stimulation through antigen receptor ( I CR), with immobilized anti- 1 ( l< antibody in cloned T 
cells L2, dB45, and L3. Concanavalin A inducibility was inhibited by cyclosporin A. They were 
not inducible by II -2 stimulation. I lie expression patterns of these transcripts were similar to 
those of IFN-7. except that the level of transcripts of (he two cDNAs was at least fivefold lower 
than that oflFN-7, and the peak level of expression occurred earlier. These data suggest that 
L2G25B and 4- 1 BB may represent new T cell mediators. © 1989 Academic Press, inc. 

INTRODUCTION 

T lymphocytes play a central role in the immune network both as effectors and 
regulators. They are composed of subsets endowed with distinct helper, suppressor, 
and cytolytic capabilities. These functions may be mediated by surface receptors and 
subset-specific immune effectors which are elaborated and secreted after stimulation 
either with lectin or specific antigen or immobilized monoclonal antibody (mAb) 
against T cell antigen receptor (TCR) (1-4). The genes for a number of the subset- 
specific T cell effector molecules have been cloned, but not all activities are correlated 
with the cloned genes. Identification and demonstration of such unrecognized mole- 
cules can uncover hitherto-unknown functions of T cells. 

This laboratory has recently cloned a series of T cell subset-specific cDNAs from 
cloned helper T (HTL) L2 and cloned cytolytic T (CTL) L3 cells by employing a 
modified differential screening procedure (5). Nucleotide sequences of two cDNA 
clones, L2G25Band 4-1BB, were determined (6). The deduced amino acid sequences 
revealed that both contain putative leader sequences. The protein encoded by 4- IBB 
had a potential membrane anchor segment and other features also seen in known 
receptor proteins (6). A human homolog of L2G25B was reported (7) and the same 
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mouse sequence has been isolated from the murine macrophage cell line (8) The 

TiT^tZTZ of the two cDNA c,ones which ™ « - ^ 

of inducihil, v InH PreSem rCP ° rt - ThCSe doneS ' bccause of their Patterns 

ot mduc.b.lity and expression, may represent potential new T cell mediators 

MATERIALS AND METHODS 
Celh_ Cloned murine CTL L3 (9) and dB45 cells (10) are Thy-1,2+, Lyt-2 + LFA- 

Hzed ^TcrTauT^ Tn^TT^ A ( l0 ^ 8/ml) f ° r M ^ with immobi- 
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Mdt and PN 7 ce.l COnCentratl0 " of 5 X 106 ce "s/ml for 4 hr. Stimulation of 
a t w WaS momtored b y increased cytotoxicity and increased IL 2 
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FlG. 1. T cell-specific expression of L2G25B and 4-1 BB mRNA. Poly(A)' mRNA was prepared from 
mouse B cell line (K46). unstimulated 11-4 (1I.-4). TPA-slimulated El. -4 (11-4 I PA), and rat NK cell 
line (LGL); and total RNA was prepared from unstimulated L2 (L2), concanavalin A-stimulated L2 (L2 
Con A), unstimulated L3 (L3), and concanavalin A-stimulated L3 (L3 Con A). Ten micrograms of total 
RNA or ten micrograms of poly(A) + RNA was fractionated on a formaldehyde/agarose gel, transferred to 
Gene Screen Plus, and hybridized to 32 P-labeled L2G25B (a) and 4-1BB (b) sequentially. Positions of 28 
and 1 8 S rRNA markers are indicated. An arrow indicates the specific hybridization signal. 



Plus was used multiple times for hybridization, the previous probe was removed by 
treating the membrane in 10 mM fris-HCl (pH 7.0), 0.2% SDS at 85° for I hr. 

RESULTS 

L2G25B and 4- IBB Are Expressed Preferentially in T Cells 

L2G25B was isolated from an L2 cDNA library, and 4-1 BB was isolated from an 
L3 cDNA library by a modified differential screening (5). As shown in Figs, la and 
lb, L2G25B and 4- IBB were expressed preferentially in L2 and L3 cells only after 
concanavalin A stimulation. The sizes of transcripts were approximately 800 bases 
for L2G25B and 2400 bases for 4- IBB. The abundance of the two transcripts was 5- 
to approx 10-fold higher in L2 cells than in L3 cells. The two transcripts were not 
detectable in K46 B cells, EL-4 thymoma cells, or rat large granular lymphocytes. 
L2G25B mRNA was consistently more abundant than 4- IBB mRNA. 

L2G 25 Band 4- IBB mRNA Are Inducible by TCR Stimulation, but Not by IL-2 Stim- 
ulation 

The inducibility of the two cDNA clones was tested after L3 TCR stimulation by 
clonotypic anti-TCR mAb, 384.5, or IL-2. As shown in Figs. 2a and 2b, the expres- 
sion of the two cDNAs was inducible by TCR stimulation, but not by IL-2 stimula- 
tion in L3 cells. L2G25B mRNA was detectable at 0.5 hr after TCR stimulation, 
peaked at 6 hr, and decreased thereafter until at least 24 hr. 4- 1 BB mRNA was detect- 
able at a very low level in unstimulated L3 cells in this experiment. The induction of 
4- IBB mRNA occurred approximately 6 hr after TCR stimulation and remained 
level until 24 hr. 
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Fig. 2. Patterns of L2G25B and 4-1 BB mRNA expression after TPR , 
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Fig. 4. Expression of 4- 1 BB mRNA in concanavalin A-stimulated hybridomas PN37 and Md90, and in 
a CTL CTLLA1 1. (a) Ten micrograms of poly(A) + mRNA from BW5147, PN37, and Md90 cells, both 
stimulated and unstimulated, was fractionated, transferred to nitrocellulose filter, and probed with 32 P- 
labolcd 4- 1 BB cDN A probe, (b) Ten micrograms of poly(A)* mRNA from mouse melanoma cells (melano- 
cyte) and l(>Mg of total RNAfrom unstimulated L2 (L2), 1,3(13), and stimulated CTI.LA 1 1 (All)cells 
were fractionated, transferred to Gene Screen Plus, and hybridized to ''P-labelcd 4-1 BB cDNA probe. 



Figure 2d demonstrates that all six lanes contained almost identical amounts of RNA. 
The probe was a serine protease cDNA (L3G 10#6) isolated from L3 cells (5). In sum- 
mary, the pattern of the two cDNA expressions was similar to that of IFN-7 expres- 
sion upon TCR stimulation. 

L2G25B and 4- 1 BB mRNA Are Inducible by TCR Stimulation in Other Cloned HTL, 
CTL, and Hybridomas 

As shown in Figs. 3a and 3b, L2G25B and 4-1BB mRNA are also inducible in 
HTL L2 and CTL dB45 after TCR stimulation with anti-TCR mAb F23.1. The 
mRNA level for the two cDN As was also much lower than that of IFN-7 in L2 and 
dB45 cells (Fig. 3c). L2 cells show the highest level of expression of the three cell 
clones. We also found that 4-1 BB mRNA was inducible by concanavalin A in two 
cytotoxic hybridomas, PN37 and Md90(Fig. 4a), and a CTL lincCTLLA 1 1 (Fig. 4b). 

Effects of Cyclosporin A on L2G25B and 4-1 BB Transcription 

We next examined the effect of cyclosporin A on RNA expression of L2G25B and 
4- IBB. Cyclosporin A inhibits mitogen- or antigen-induced T cell proliferation (20- 
22). It has also been shown to block the induction of expression of several lymphokine 
genes, including IL-2 and IFN-7 (23-25). The inhibition of lymphokine production 
occurs at a pretranslational level (24-26). In contrast, cyclosporin A appears to have 
no effect on the inducible expression of c-fos and IL-2 receptor genes in T cells (23). 
As shown in Figs. 5a and 5b, cyclosporin A inhibited the induced accumulation of 
L2G25B and 4- IBB mRNA. The same findings were seen with IFN-7 (Fig. 5c). Fig- 
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Fig. 5. Efrect of cyclosporin A on I.2G25B and 4- IBB mRNA expression. L3 cells were stimulated 
with concanavalin A, concanavalin A plus cyclosporin A, or concanavalin A plus actinomycin I). Ion 
micrograms of total RNA from unstimulated L3 (L3). concanavalin A-stimulated L3 (L3 Con A) conca- 
navalin A plus cyclosporin A-treated L3 (L3 Con A + CsA), and concanavalin A plus actinomycin D- 
treated L3 (L3 Con A + ActD) cells and 10 A g of poly(A) + mRNA from K46 (K46) and TPA-stimulated 
EL-4 cells (EL-4) were fractionated, transferred to Gene Screen Plus membrane, and hybridized to 32 P- 
labeled L2G25B (a), 4- 1 BR (b), IFN- 7 (c), and L3G 1 0#6 (d) cDNA. Cyclosporin A treatment did not alter 
the level of L3G10#6 mRNA, but almost completely abrogated the induced expression of the other three 
mRNA species. An arrow indicates a specific hybridization signal. 



ure 5d shows that cyclosporin A had minimal or no effect on the level of a serine 
protease (probe L3G10#6) mRNA, and shows that the three lanes contained almost 
equal amounts of RNA (EL-4 or K46 cells did not express L3G10#6 mRNA). These 
data strongly suggest that L2G25B and 4- 1 BB expression may show some of the same 
activation requirements as other known lymphokines. 

L2G25B and 4-1 BB mRNA Are Inducible in Normal Mouse Spleen Cells 

To find out whether or not the expression of these genes was unique to certain 
cloned T cells or hybridoma cells, splenocytes from C57BL/6 and BALB/c mice were 
stimulated with concanavalin A and tested for mRNA expression. As shown in Figs. 
6a and 6b, the two mRNAs were detectable after concanavalin A stimulation in 
C57BL/6 and BALB/c mouse splenocytes. They were also inducible in Swiss Webster 
mouse splenocytes (data not shown). As shown in Fig. 6c, IFN-7 mRNA was detect- 
able in concanavalin A-stimulated BALB/c splenocytes (for unknown reasons, INF- 
7 mRNA was not detectable in concanavalin A-stimulated C57BL/6 splenocytes in 
this experiment). RNA preparations for Fig. 6c were different from those for Figs. 6a 
and 6b. These data suggest that these molecules may be induced in normal mouse 
spleen cells by appropriate stimuli, as in the cloned T cells. 

DISCUSSION 

L2G25B and 4- IBB share properties of soluble T cell mediators. The properties 
are as follows: (I) The mRNAs of the two are preferentially expressed in T cells. (2) 
The mRNAs of the two genes arc present in undetectable amounts in T cells until 
induced by concanavalin A or by TCR stimulation. (3) The patterns of expression are 
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Fig. 6. Expression of L2G25B and 4-1 BB mRNA in mouse splenocytes. Splenocytes were obtained from 
C57BL/6 and BALB/c mice and stimulated with concanavalin A for 14 hr. Ten micrograms of total RNA 
from unstimulated BALB/c (lane I ) and stimulated BALB/c (lane 2), unstimulated C57BL/6 (lane 3), and 
stimulated C57BL/6 (lane 4) splenocytes was fractionated, transferred to Gene Screen Plus, and hybridized 
to 32 P-labeled L2G25B (a), 4- IBB (b), and IFN- 7 (c) cDNA. 



very similar to that of the lymphokine IFN-7. (4) Cyclosporin A inhibits the induced 
mRNA expression corresponding to the two cDNAs. In addition, sequence analysis 
of L2G25B showed features consistent with several analyzed lymphokine cDNAs; for 
example, the small size of mRNA, potential signal sequence, and repeated AUUUA 
element in 3' untranslated region (27). In contrast, while the 4- IBB exhibits expres- 
sion patterns which resemble those of the lymphokine mRNAs, the sequence analysis 
of this cDNA appears consistent with those of known receptor proteins. It would be 
interesting, therefore, to determine the function of 4- IBB. Since Davatelis et al. (8) 
isolated the cDNA clone identical to L2G25B from the LPS-stimulated RAW264.7 
cell line, we tested the mRNA expression of L2G25B and 4-1 BB in the RAW264.7 
cells. L2G25B mRNA was inducible within 30 min by LPS stimulation in the cells, 
but 4- 1 BB mRNA was not detectable over a 36-hr induction period. Interestingly, the 
induction of L2G25B mRNA was not inhibited by cyclosporin A in the RAW264.7 
macrophage line (Fig. 7). 

Using the same concanavalin A-stimulated L2 cells, Prystowsky et al. (28) identi- 
fied 10 different lymphokine activities from culture supernatants. They include IL- 
2, IL-3, B cell stimulatory factor, granulocyte/macrophage colony-stimulating factor, 
IFN-7, and five unidentified factors which affect macrophage activities. In the course 
of the studies, we isolated and identified cDNAs for IL-2, IL-3, GM-CSF, T cell re- 
placing factor, and procnkephalins from our concanavalin A-stimulated L2 cDNA 
library (5, 6). We suggest, therefore, that L2G25B might represent the novel soluble 
mediators of Prystowsky et al. (28), which affect macrophage activities. However, the 
nature of the 4- IBB gene product is difficult to predict. 

By applying a modified differential screening of L2 and L3 cDNA library, two 
novel T cell genes were isolated. The two T cell genes were expressed at low levels 
compared with IFN-7 expression level, and these genes shared expression properties 
with several of the known lymphokines. Correlation of the T cell molecules with 
functional activities is the next critical step. 
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lie, 7. Expression of I.2G25B mRNA in RAW264.7. RAW264.7 cells were stimulated with 1 M g/ml of 
LPS (Escherichia coli 0127:B8, Sigma, Si. Louis, MO), or LPS + cyclosporin A (0.2 M g/ml). Each lane 
contains 20 M g of total RNA from RAW264.7 cells, unstimulated (lane 1 ) or stimulated with LPS for 2 hr 
(lane 2), stimulated with LPS + cyclosporin A for 2 hrflane 3), stimulated with LPS for 6 hr (lane 4) or 
stimulated with LPS + cyclosporin A for 6 hr (lane 5). The RNA was fractionated on a formaldehyde/ 
agarose gel, transferred to Gene Screen Plus membrane, and hybridized to 32 P-labeled L2G25B. The posi 
tions of 28 and 18 S mRNA markers are each indicated. An arrow indicates the specific hybridization 
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